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(54) MAGNETIC RECORDING MEDIUM AND HEAT ASSISTED REPRODUCTION METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To preproduce information recorded at high density under 
condition of good S/N while suppressing crosstalks by setting a temperature for maximizing 
saturation magnetization within a specified range between the magnetic compensation 
temperature of recording region and Curie temperature and setting the compensation 
temperature higher than the room temperature. 

SOLUTION: Magnetic compensation temperature of a magnetic film in a magnetic recording 
medium is set higher than the room temperature at 40-100° C, preferably at 43-80° C, and 
more preferably at 46-60° C. The temperature for maximizing saturation magnetization in the 
recording region of the magnetic recording medium between the magnetic compensation 
temperature of the magnetic film and Curie temperature is set in the range of 150-250° C, 
preferably in the range of 1 60-240° C. Since the temperature on the outside of reading region 
of the recording layer not irradiated with a light beam is separated sufficiently from the 
temperature range of the reading region in the range of 150-250° C, generation of crosstalks 
can be prevented when information is reproduced. 
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CLAIMS 



[Claim(s)] 

[Claim 1] In the magnetic-recording medium for the heat assistant record playback which 
reproduces information magnetically by the head which heats a record section, and records 
information magnetically, and heats a record section, and has a magneto-resistive effect The 
magnetic-recording medium by which magnetic compensation temperature of a record section is 
characterized by being set up more highly than a room temperature while the temperature used 
as the maximum of saturation magnetization between the magnetic compensation temperature of 
a record section and the Curie point is set up in the temperature requirement from 150 degrees 
C to 250 degrees C. 

[Claim 2] In the magnetic-recording medium for the heat assistant record playback which 
reproduces information magnetically by the head which heats a record section, and records 
information magnetically, and heats a record section, and has a magneto-resistive effect While 
being set up in the temperature requirement from 150 degrees C to 250 degrees C, the 
temperature used as the maximum of saturation magnetization between the magnetic 
compensation temperature of a record section and the Curie point The magnetic-recording 
medium characterized by setting up the magnetic compensation temperature of a record section 
according to the temperature in which a record section carries out a temperature up by 
generation of heat of a head based on playback of the information by the magneto-resistive 
effect. 

[Claim 3] The heat assistant playback approach characterized by changing the bias current of 
the head for playback by the magneto-resistive effect according to the temperature of the 
above-mentioned record section in case the information recorded on the record section of a 
magnetic-recording medium according to claim 1 or 2 is reproduced. 

[Claim 4] the jitter value of a regenerative signal acquired from a magnetic-recording medium 
according to claim 1 or 2, an error rate, and signal level — inner — one — or the heat assistant 
playback approach according to claim 3 characterized by measuring those plurality and setting 
up a bias current based on the result. 

[Claim 5] The heat assistant playback approach according to claim 4 characterized by setting up 
a bias current by reproducing the information recorded on the appraisal universe in a record 
section set up beforehand. 

[Claim 6] The heat assistant playback approach according to claim 5 characterized by 
establishing appraisal universe in two or more places. 

[Claim 7] The heat assistant playback approach given in claim 4 characterized by setting up a 
bias current waiting [ record or playback ] thru/or any 1 term of 6. 

[Claim 8] The heat assistant playback approach given in claim 4 characterized by measuring one 
or those plurality among the jitter value of a regenerative signal, an error rate, and signal level, 
and setting up a bias current based on the result when the temperature near the read-out field 
of a record section according to claim 1 or 2 is detected and a predetermined temperature 
change arises thru/or any 1 term of 7. 

[Claim 9] every fixed time amount — the jitter value of a regenerative signal, an error rate, and 
signal level — inner — one — or the heat assistant playback approach given in claim 4 
characterized by measuring those plurality and setting up a bias current based on the result 
thru/or any 1 term of 7. 
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[Claim 10] The heat assistant playback approach given in claim 4 characterized by resetting a 
bias current when the jitter value of a regenerative signal becomes larger than a predetermined 
value thru/or any 1 term of 7. 

[Claim 1 1] The heat assistant playback approach given in claim 4 characterized by resetting a 
bias current when the error rate of a regenerative signal becomes larger than a predetermined 
value thru/or any 1 term of 7. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the heat assistant playback approach using the 
magnetic-recording medium and it which carry out record playback of the information 
magnetically to a record section according to the temperature up by the heat source. 
[0002] 

[Description of the Prior Art] In recent years, the technique of realizing high density record by 
fusion on opto-electronics and a magnetic-recording playback technique is developed. For 
example, the magnetic-recording medium of the ferrimagnetic substance whose compensation 
temperature is an abbreviation room temperature, and the heat assistant magnetic-recording 
playback system by the laser beam which used it are indicated by JP.4-1 76034.A. 
[0003] In such a heat assistant magnetic-recording playback system, while impressing an 
external magnetic field by the magnetic head for record at the time of record where it carried 
out the temperature up by the laser beam and the coercive force of the record section in a 
magnetic-recording medium is reduced, and recording information on the above-mentioned 
record section, a temperature up is carried out by the laser beam also at the time of playback, 
the reinforcement of the residual magnetization of the above-mentioned record section is 
increased, the magnetic flux from the residual magnetization is detected by the magnetic head 
for playback, and information is reproduced. 

[0004] In this heat assistant magnetic-recording playback system, since residual magnetization is 
close to zero in the abbreviation room temperature field as for which a temperature up is not 
carried out by the laser beam, even if larger, the width of face, i.e., the gap width of face, which 
becomes perpendicular to the truck in the magnetic head for playback, than the track pitch on 
which information is recorded, it becomes possible to stop the cross talk from an adjoining truck 
small enough, and informational playback by which high density record was carried out can be 
realized. 

[0005] Moreover, in the magnetic-recording field, the reproducing head is MR (Magnet-Resistive) 
using a magneto-resistive effect with high field sensibility in connection with the densification of 
record. GMR from which a head becomes in use and still higher field sensibility is obtained 
recently (Giant Magnet-Resistive) The head is commercialized. 
[0006] 
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[Problem(s) to be Solved by the Invention] Also in the magnetic-recording playback system by 
heat assistance, in order to promote densification and to go, it is desirable to use an MR head or 
a GMR head as the reproducing head. 

[0007] Then, this invention persons experimented in many things about the magnetic-recording 
playback by heat assistance using the magnetic-recording medium and MR head which have the 
ferrimagnetic substance whose above-mentioned compensation temperature is an abbreviation 
room temperature as recording layers, and worked on the technical problem extracted from 
them, and its countermeasure. 

[0008] The outline is described below. It had width of face of about 5 micrometers 
perpendicularly to the direction of a truck in the used MR head, and an optical spot size was set 
as about 1.2 micrometers, and the time of playback set optical power as about 6mW at the time 
of record. The disk rotational frequency of a disk-like magnetic-recording medium was set as 
3600rpm, and the record frequency was set as 2MHz. 

[0009] Information is recorded on one recording track of a magnetic-recording medium, and the 
signal reproduced by heat assistance from this recording track is shown in drawing 15 (a). 
Moreover, the regenerative signal in the condition of not irradiating a light beam is also 
collectively shown in drawing 15 (b). The amount of regenerative signals with the large direction 
when irradiating a light beam is obtained so that drawing 15 (a) and (b) may show. However, it did 
not fall, so that the amount of regenerative signals when not irradiating a light beam expected 
that it mentioned later, but signal level has stopped at reduction about a quadrant. 
[0010] The temperature characteristic of the residual magnetization observed by VSM (sample 
oscillating-type magnetometer) of the magnetic-recording medium used for the experiment is 
shown in drawing 1 6 . After making a magnetic-recording medium magnetize in an elevated- 
temperature side, this temperature characteristic lowers temperature, measures the 
reinforcement of the residual magnetization in each temperature, and is acquired. Moreover, in 
optical power 6mW, a magnetic-recording medium is heated to near about 200 degree C. 
According to the temperature characteristic of drawin g 1 6 , near a room temperature, the 
amount of residual magnetization will be decreased or less to 1/10 as compared with 200 
degrees C. 

[001 1] Since the sensibility of an MR head is proportional to the result shown in drawing 1 5 
about by this temperature characteristic at residual magnetization, it is predicted as that by 
which the fall of the regenerative signal near this magnitude of attenuation is observed. 
[0012] However, only attenuation about a quadrant was observed from the experimental result 
shown in drawin g 15 as mentioned above. Also in the condition of not irradiating a light beam, I 
hear that the temperature up of the magnetic-recording medium is carried out across near a 
room temperature, and being judged from this experimental result has it. 
[0013] If a trial calculation is made from the experimental result of drawing 1 5 , and the 
temperature characteristic of drawing 16 , the magnetic-recording medium will be heated to near 
50 degree C also in the condition of not irradiating a light beam. Since this experiment was 
conducted with the ambient temperature of 25 degrees C, a gone up part of the temperature of 
a magnetic-recording medium becomes 25 degrees C. 

[0014] This result has suggested that the heat source else [ other than a light beam ] exists. 
Since what is uniquely considered as other heat sources other than a light beam had only an MR 
head, this invention persons reached the conclusion that the magnetic-recording medium was 
heated by the MR head. 

[0015] With the head using magneto-resistive effects, such as an MR head and a GMR head, in 
order to detect magnetic field strength by resistance change at the time of playback, impression 
of a bias current is always needed. The Joule's heat arises on a head according to this bias 
current, and it is thought that this is a heat source. 

[0016] In playback by the thin film head to which this invention persons do not need a bias 
current as a proof at the time of playback, although regenerative-signal level is small compared 
with an MR head, the magnitude of attenuation is checking the large thing in an experiment. 
[0017] Therefore, since the temperature up of the record section of the magnetic-recording 
medium corresponding to the size of a head will be carried out from an ambient temperature 



when an MR head is used, even if it does not irradiate a light beam, magnetic flux will leak from a 
magnetic-recording medium, and it will come out. This will mean that an MR head detects the 
leakage flux from the field which is not irradiating the light beam, when irradiating a light beam 
and reproducing information, and this leakage flux will appear as a cross talk on a regenerative 
signal. 

[0018] As mentioned above, in the magnetic-recording playback medium for heat assistant 
record playback and the combination of an MR head whose compensation temperature by which 
the conventional proposal is made is an abbreviation room temperature, it became clear that the 
technical problem that effectiveness by heat assistance cannot demonstrate at the time of 
playback occurred. This serves as the same situation, also when using the head using magneto- 
resistive effects, such as a GMR head which needs a bias current. 

[001 9] This invention is made in view of the trouble extracted from the above-mentioned 
experimental result, and even if the head using a magneto-resistive effect and the magnetic- 
recording playback technique by heat assistance are used for it, it aims at offering the heat 
assistant playback approach using a suitable magnetic-recording medium and suitable it stopping 
a cross talk and for S/N reproducing the information by which high density record was carried 
out in the good condition. 
[0020] 

[Means for Solving the Problem] this invention persons result in this invention, as a result of 
inquiring wholeheartedly, in order to solve the trouble mentioned above. Namely, in order to solve 
the above-mentioned technical problem, the magnetic-recording medium of this invention heats 
a record section, and records information magnetically. And heat a record section and it sets to 
the magnetic-recording medium for the heat assistant record playback which reproduces 
information magnetically by the head which has a magneto-resistive effect. While the 
temperature used as the maximum of saturation magnetization between the magnetic 
compensation temperature of a record section and the Curie point is. set up in the temperature 
requirement from 1 50 degrees C to 250 degrees C, it is characterized by setting up the magnetic 
compensation temperature of a record section more highly than a room temperature. 
[0021] According to the above-mentioned configuration, in a magnetic-recording medium, since 
the temperature used as the maximum of saturation magnetization between the magnetic 
compensation temperature of a record section and the Curie point is set up in the temperature 
requirement from 150 degrees C to 250 degrees C, it can carry out [ **** ]-izing of the residual 
magnetization, and can reproduce the information from the above-mentioned record section 
good in the heated record section. 

[0022] Moreover, since magnetic compensation temperature is set up with the above-mentioned 
configuration more highly than a room temperature, also when using the head using the magnetic 
reluctance effectiveness it is substantially ineffective in a heat source and reproducing the 
recorded information, it becomes possible to control the residual magnetization of the record 
section outside a read-out field to min. Therefore, with the above-mentioned configuration, the 
effectiveness that S/N of a regenerative signal becomes good is acquired. 
[0023] In the magnetic-recording medium for the heat assistant record playback which 
reproduces information magnetically by the head which other magnetic-recording media by this 
invention heat a record section, and record information magnetically, and heats a record section, 
and has a magneto-resistive effect While being set up in the temperature requirement from 1 50 
degrees C to 250 degrees C, the temperature used as the maximum of saturation magnetization 
between the magnetic compensation temperature of a record section and the Curie point It is 
characterized by setting up the magnetic compensation temperature of a record section 
according to the temperature in which a record section carries out a temperature up by 
generation of heat of a head based on playback of the information by the magneto-resistive 
effect. 

[0024] Since according to the above-mentioned configuration magnetic compensation 
temperature is highly set up by the temperature up at least even if a record medium is heated 
and carries out a temperature up by generation of heat with the head using a magneto-resistive 
effect, the residual magnetization of the record section outside a read-out field can be set as 
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min, and the regenerative signal of good S/N made into the purpose of heat assistant playback is 
acquired. 

[0025] In case the heat assistant playback approach of this invention reproduces the information 
recorded on the record section of a magnetic-recording medium according to claim 1 or 2, it is 
characterized by changing the bias current of the head for playback by the magneto-resistive 
effect according to the temperature of the above-mentioned record section. 
[0026] When reproducing the information recorded from the magnetic-recording medium of 
claims 1 or 2 using the head using a magneto-resistive effect according to the above-mentioned 
approach, generation of heat of a head can be controlled by adjusting the bias current impressed 
to a head according to the temperature of the above-mentioned record section, and the 
temperature in the record section outside the record section reproduced of the head 
circumference can be brought close to the magnetic compensation temperature of a record 
section. 

[0027] Therefore, since it becomes possible to make residual magnetization of the record 
section outside the record section reproduced into min even if the deflection of the magnetic 
compensation temperature by the variation in the presentation of a record section etc. arises or 
change of the amount of heating by change of the linear velocity of a head arises by the above- 
mentioned approach, it becomes possible to maintain S/N of a regenerative signal good. 
[0028] the jitter value of a regenerative signal acquired from the above-mentioned magnetic- 
recording medium by the above-mentioned heat assistant playback approach, an error rate, and 
signal level — inner — one — or those plurality may be measured and a bias current may be set 
up based on the result. 

[0029] According to the above-mentioned approach, since control of a bias current will be 
performed via exoergic control of a head, temperature up control of a record section, control of 
the magnetization intensity on a record section, the magnetization detection by the head, 
detecting-signal magnification, signal processing, and signal evaluation, a closed loop can be 
formed in control of a bias current. 

[0030] Thereby, by the above-mentioned approach, since a bias current can be set up with a 
sufficient precision, the variation in circuits, such as a control system, can be compressed and it 
becomes possible to make S/N of a regenerative signal good. Moreover, in order for actual 
playback actuation to estimate a signal quality and to set up the bias current of a head based on 
the result, it becomes possible to make S/N of a regenerative signal good according to recovery 
status. 

[0031] By the above-mentioned heat assistant playback approach, a bias current may be set up 
by reproducing the information recorded on the appraisal universe in a record section set up 
beforehand. 

[0032] Since according to the above-mentioned approach the information beforehand recorded 
on the appraisal universe where it was beforehand set up on the record section is reproduced 
and the signal quality is evaluated, it can carry out quickly [ evaluation ] and easily. Thereby, a 
quick setup of the bias current of a head is attained. 

[0033] At this time, it is very effective that the information currently recorded on appraisal 
universe is the information set up beforehand. That is because evaluation of a signal quality 
becomes possible [ being able to perform easily and raising evaluation precision ]. For example, 
simple pattern information, single frequency, and a random pattern are mentioned as information 
set up beforehand. Furthermore, it also has the advantage that the danger of damaging user data 
by separating a user data area and appraisal universe according to the situation which is not 
expected at the time of a bias current setup disappears. 

[0034] By the above-mentioned heat assistant playback approach, appraisal universe may be 
established in two or more places. According to the above-mentioned approach, further, in order 
to establish appraisal universe in two or more [ on a record section ], for example, when rotating 
a disk-like medium with constant angular velocity, change of linear velocity arises on the inner 
circumference and the periphery of a disk-like medium. The effect which the flying height of a 
head changes and generation of heat of a head has on a record section by change of this linear 
velocity also changes. 



[0Q35] Therefore, by the above-mentioned approach, since the bias current of a head can be 
finely set up by applying to a periphery from the inner circumference on the record section of a 
disk-like medium, and preparing two or more appraisal universes, the dependability of information 
playback can be improved. 

[0036] By the above-mentioned heat assistant playback approach, a bias current may be 
changed at the time of standby of record or playback. According to the above-mentioned 
approach, in order to set up a bias current waiting [ record or playback ], activation becomes 
possible, without affecting actual record or playback actuation. 

[0037] the case where detected the temperature near the read-out field of a record section 
according to claim 1 or 2, and a predetermined temperature change arises by the above- 
mentioned heat assistant playback approach — the jitter value of a regenerative signal, an error 
rate, and signal level — inner — one — or those plurality may be measured and a bias current 
may be set up based on the result. 

[0038] Since the crystalloid of a regenerative signal is evaluated and the bias current of a head 
is determined based on the result when according to the above-mentioned approach the 
temperature near [ on a record section ] the read-out field is detected and the temperature 
change of the specified quantity arises, a setup of the bias current also in consideration of the 
effect of the record medium by change of an ambient temperature is attained. Therefore, the 
dependability of information playback can be improved by the above-mentioned approach. 
[0039] the above-mentioned heat assistant playback approach — every fixed time amount — 
the jitter value of a regenerative signal, an error rate, and signal level — inner — one — or 
those plurality may be measured and a bias current may be set up based on the result. 
[0040] Since according to the above-mentioned approach the quality of a regenerative signal is 
evaluated for every fixed time amount and a bias current is set up based on the result. a special 
sensor is not needed but a fine setup of a more exact bias current corresponding to change of a 
playback condition is attained. 

[0041] When the jitter value of a regenerative signal becomes larger than a predetermined value 
by the above-mentioned heat assistant playback approach, it is desirable to reset a bias current. 

[0042] Since a bias current is reset when this jitter value exceeds a predetermined value based 
on the jitter value of the regenerative signal acquired by the informational renewal process 
according to the above-mentioned approach, a setup of a bias current with the high 
dependability adapted to recovery status is attained. 

[0043] When the error rate of a regenerative signal becomes larger than a predetermined value 
by the above-mentioned heat assistant playback approach, it is desirable to reset a bias current. 

[0044] Since a bias current is reset when this error rate exceeds a predetermined value based 
on the error rate of the regenerative signal acquired by the informational renewal process 
according to the above-mentioned approach, a setup of a bias current with the high 
dependability adapted to recovery status is attained. 
[0045] 

[Embodiment of the Invention] [Gestalt 1 of operation] It will be as follows if the gestalt 1 of 
operation concerning the magnetic-recording medium of this invention is explained based on 
drawing 1 thru/or drawing 3 . As shown in drawing 3 , the above-mentioned magnetic-recording 
medium 1 is used for the heat assistant playback mentioned later, and has a magnetic film as a 
recording layer (the thickness of a recording layer is 100nm) which consists of the ferrimagnetic 
substance on transparence support substrates, such as glass. 

[0046] By such magnetic-recording medium 1, the magnetic compensation temperature of the 
magnetic film in the magnetic-recording medium 1 is higher than a room temperature, and is 
more preferably set as 46 degrees C - 60 degrees C still more preferably 43 degrees C - 80 
degrees C 40 degrees C - 1 00 degrees C. 

[0047] Moreover, the temperature used as the maximum of saturation magnetization between 
the magnetic compensation temperature of the magnetic film used as the record section in the 
above-mentioned magnetic-recording medium 1 and the Curie point is set up in the temperature 
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requirement from 170 degrees C to 230 degrees C still more preferably [ it is / from 150 degrees 
C to 250 degrees C / more desirable, and ] from 1 60 degrees C to 240 degrees C. 
[0048] Moreover, the above-mentioned magnetic-recording medium is set up so that 200 
degrees C - 400 degrees C of 240 degrees C - 360 degrees C of Curie points may become 
within the limits of 280 degrees C - 320 degrees C still more preferably more preferably. 
[0049] As a material of such a magnetic film, the alloy which consists of three metals, Tb, Fe, 
and Co, for example is mentioned. Generally it is known for the magnetic film which consists of 
such an alloy that magnetic compensation temperature will change with the contents of Tb. 
[0050] As the presentation is Tb26Fe44Co30 (a figure shows atomic at%, respectively) and 
shows drawin g 1 , as for the magnetic film produced with the gestalt 1 of this operation, the 
Curie point is [ the temperature from which magnetic compensation temperature (drawing 
compensation point) serves as maximum of saturation magnetization near about 50 degree C ] 
200 degrees C with 300 degrees C or more, respectively. Drawing 1 is a graph which was made 
to carry out the sequential fall of the temperature, measured the residual magnetization of the 
magnetic film in each temperature, and was obtained and which shows the temperature 
characteristic of a magnetic film, after making a magnetic film magnetize by the elevated- 
temperature side to which coercive force falls. 

[0051] The record playback experiment of a signal was conducted using this magnetic-recording 
medium 1. Used MR head 2 had about 5-micrometer width of face in the perpendicular direction 
to the truck, an optical spot size is about 1.2 micrometers, and optical power carried out the 
time of read while write by about 6mW. The record frequency of a disk rotational frequency is 
2MHz in 3600rpm. 

[0052] Information is recorded on one truck in the above-mentioned magnetic-recording medium 
1, and the signal which reproduced the above-mentioned information by heat assistance is 
shown in drawing 2 (a). Moreover, the regenerative signal in the condition of not irradiating a light 
beam at drawing 2 (b) is shown. This drawing shows that it is close to that it is guessed from the 
temperature characteristic shown in drawin g 1 that change of the signal level corresponding to 
the time of un-irradiating is at the time of a light beam exposure. 

[0053] Thus, it became possible to fully acquire the effectiveness made into the purpose of the 
heat assistant playback approach also in MR head 2 by using the magnetic-recording medium 1 
of this invention for the first time that the regenerative signal which has good S/N is acquired. 
[0054] In this experiment, it has become clear that the temperature up only of about 25 degrees 
C [ ambient temperature ] of the magnetic-recording media 1 is carried out by MR head 2, and 
even if ambient temperature rises to 70 degrees C, the magnetic-recording medium 1 will not 
become 100 degrees C or more. 

[0055] Therefore, the problem that the cross talk at the time of playback occurs since it is fully 
separated with the temperature requirement from 150 degrees C to 250 degrees C which is the 
temperature which the read-out field of a magnetic film [ in / it reads and / in the temperature 
outside a field / the magnetic-recording medium 1 ] by which the light beam of the recording 
layer in the above-mentioned magnetic-recording medium 1 is not irradiated attains can also be 
prevented. 

[0056] In order to pull out the effectiveness of heat assistant playback to the maximum extent, it 
is desirable to set the magnetic compensation temperature of the magnetic-recording medium 1 
as the temperature higher a gone up part than ambient temperature by generation of heat of MR 
head 2. In this case, like the above, a light beam is not irradiated, that is, it becomes possible to 
make residual magnetization of the magnetic film outside a read-out field into min. 
[0057] The magnetic-recording medium 1 of this invention is especially effective in the bottom 
of the situation that the magnetic-recording medium and the head were sealed like a hard disk 
with a common magnetic recorder and reproducing device. That is because it is in the condition 
of closing that the magnetic-recording medium and the head were fixed, so the effectiveness of 
heat assistant playback is stabilized and is acquired. 

[0058] [Gestalt 2 of operation] The gestalt 2 of operation of this invention is explained below 
using drawing 3 thru/or drawing 8 . First, if the playback approach of the information by the heat 
assistant playback approach concerning this invention is explained, the light beam would be 



irradiated by the read-out field of the magnetic-recording medium 1 from the light irradiation 
device 7 by the controller 4, and it would be heated by exposure, will read, and will detect by MR 
head 2 by making each direction of magnetization of a field into information. 
[0059] The bias current is impressed by the bias current control section 3 at the time of 
playback, and MR head 2 outputs information as a regenerative signal according to the change 
(magneto-resistive effect) and the bias current of resistance based on change of the direction of 
magnetization of a read-out field. It is orthopedically amplified and operated with the playback 
amplifier 5, and the outputted regenerative signal is outputted to the signal-processing section 6. 
Furthermore, the bias current control section 3 has come to be able to do the bias current 
impressed to MR head 2 adjustment and adjustable by the command from a controller 4. 
[0060] The relation of the calorific value of a bias current and MR head 2 is shown in drawin g 4 . 
The calorific value of MR head 2 is changing with bias current values, and the calorific value of 
MR head 2 can also be understood by that it is controllable by controlling a bias current so that 
clearly from drawing 4 . 

[0061] Therefore, in the heat assistant playback approach using the magnetic-recording medium 
1, it is adjusting a bias current value by the controller 4, and it is possible to cover that is, 
mitigate destabilization of the playback actuation by the deflection of the magnetic compensation 
temperature by the variation in the presentation of the magnetic film in the magnetic-recording 
medium 1. 

[0062] Furthermore, the regenerative signal from MR head 2 is led to the controller 4 via the 
signal-processing section 6, and it is possible to evaluate the quality of a regenerative signal in a 
controller 4. Therefore, since a controller 4 can adjust the bias current of MR head 2 on real 
time, evaluating the quality of a regenerative signal, a setup of the bias current corresponding to 
change of recovery status of it is attained, and it becomes possible [ aiming at improvement in 
the dependability of playback actuation ]. 

[0063] As quality evaluation of a regenerative signal, a bias current can be determined paying 
attention to the amount of cross talks, for example. In this case, since it is difficult, as for 
carrying out the direct valuation of the' amount of cross talks itself, it is desirable to evaluate by 
another index by which the amount of cross talks is reflected. The configuration of the signal- 
processing section 6 in the case of using for drawing 5 the jitter value of the digital signal which 
made the regenerative signal binary is shown. The jitter value acquired here is led to a controller 
4, and is made into the decision information at the time of a controller 4 setting up a bias 
current. 

[0064] The configuration of the signal-processing section 6 in the case of using the error rate 
which decodes the digital information after making a regenerative signal binary to drawin g 6 , and 
is obtained is shown. It is asking for the error rate by carrying out fixed time amount 
measurement of the number of the errors detected in process of decoding. The error rate 
obtained here is led to a controller 4, and is made into the decision information at the time of a 
controller 4 setting up a bias current. 

[0065] That is, in the signal-processing section 6, it asks for a jitter value or an error rate, and a 
controller 4 sets up a bias current and controls the bias current control section 3 based on the 
setup so that the value serves as min. 

[0066] With the gestalt 2 of this operation, since the effect of contiguity TORAKKUHE by the 
heat distribution on the magnetic-recording medium 1 is also considered, the information 
playback with very high dependability is attained. Moreover, the detecting signal from the outside 
of the read-out field which is a non-heating field as quality evaluation of a regenerative signal 
can be used. That is, it is in the condition (that is, situation which does not irradiate a light beam 
on the magnetic-recording medium 1) to which the temperature up of the magnetic-recording 
medium 1 is not carried out, and it is possible to evaluate the regenerative-signal level from MR 
head 2, and to set up a bias current. 

[0067] Thus, the case where a bias current is set up is explained based on drawing 7 and drawin g 
8 below. First, the configuration of the signal-processing section 6 in the case of using A/D 
conversion for drawing 7 is shown. 

[0068] In the signal-processing section 6, it inputs into a controller 4, after changing the inputted 
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regenerative signal of an analog into digital information by A/D conversion. Based on the digital 
information inputted, a controller 4 sets up the optimal bias current so that the regenerative 
signal (detecting signal) from the outside of a read-out field may serve as min, and it is set up so 
that the bias current control section 3 may be controlled. 

[0069] The configuration of the signal-processing section 6 in the case of using a comparator is 
shown in drawing 8 . In the signal-processing section 6, the inputted regenerative signal is 
compared with a predetermined reference value, and size relation is judged. This decision result 
is inputted into a controller 4. A controller 4 sets up the optimal bias current so that the 
inputted regenerative-signal level may become smaller than a predetermined reference value, 
and it is set up so that the bias current control section 3 may be controlled. 
[0070] A predetermined reference value here is determined by the amount of cross talks from 
the adjoining truck permitted. As mentioned above, as an approach of evaluating the quality of a 
regenerative signal, although three, jitter value measurement, error rate measurement, and signal 
level measurement, were described, it is also possible to set up the bias current of MR head 2 by 
two. or more of these evaluation results. In that case, the dependability of a current setup will 
improve more. 

[0071] [Gestalt 3 of operation] Drawing 9 explains the gestalt 3 of operation of this invention. 
The gestalt 3 of this operation estimates by reproducing the information beforehand recorded on 
the appraisal universe 28 which is a field where it was beforehand decided on the magnetic- 
recording medium 1. That is, when setting up a bias current, first, appraisal universe 28 on the 
magnetic-recording medium 1 is accessed, the information pattern which is recorded there and 
which was fixed beforehand is reproduced, and a signal quality is evaluated. 
[0072] And the bias current of MR head 2 is set up based on the evaluation result. Thus, since 
playback evaluation makes it simple and activation of it is quickly attained by using the fixed 
information pattern, the dependability of a setup of a bias current improves. 
[0073] Furthermore, when evaluating the regenerative-signal level in the condition of not 
carrying out an optical exposure, it is necessary to search the field where information is 
recorded certainly but, and like the above, by forming appraisal universe 28, retrieval becomes 
unnecessary and it can arrive at the appraisal universe 28 where the information for a setup of a 
bias current is recorded only by carrying out access to the appraisal universe 26 of the address 
set up beforehand. 

[0074] [Gestalt 4 of operation] Drawing 10 explains the gestalt 4 of operation of this invention. 
With the gestalt 4 of this operation, two or more appraisal universes 28 are formed on the 
magnetic-recording medium 1. The roll control of the magnetic-recording medium 1 is carried 
out in a constant angular velocity from the demand of the access engine performance. 
Therefore, change of linear velocity will arise in the inner circumference and the periphery of the 
magnetic-recording medium 1. That is, linear velocity becomes slow toward inner circumference 
quickly, and the direction of a periphery goes. Furthermore, the flying height of MR head 2 will 
also change with change of linear velocity. As mentioned above, naturally the effect of radiation 
by generation of heat by MR head 2 will also change on the inner circumference and the 
periphery of the magnetic-recording medium 1. 

[0075] Therefore, as the gestalt 4 of this operation shows to drawi ng 10 , it applies to a 
periphery from the inner circumference of the magnetic-recording medium 1, and two or more 
appraisal universes 28 are formed, and quality of a regenerative signal is evaluated in the 
appraisal universe 28 near the actually reproduced field, it crosses throughout magnetic- 
recording medium 1 by setting up the bias current based on it, and playback of reliable 
information is possible. 

[0076] Moreover, it is effective in the ability to shorten the access time to each appraisal 
universe 28 by forming two or more appraisal universes 28. As an approach of setting up two or 
more appraisal universes 28, you may set it as radial [ of the magnetic-recording medium 1 ] at 
equal intervals. It is desirable to set up appraisal universe 28 for every zone on the other hand, 
when zoning of the magnetic-recording medium 1 is blocked and carried out with two or more 
numbers of trucks. 

[0077] As for the timing which performs playback evaluation above, it is desirable to carry out 



waiting [ informational record or playback ]. Since affecting real actuation of record playback is 
lost by carrying out waiting, the record regenerative capacity of a magnetic recorder and 
reproducing device does not fall for a setup of a bias current. 

[0078] [Gestalt 5 of operation] The gestalt 5 of operation of this invention is explained based on 
drawing 3 and drawing 1 1 . With the gestalt 5 of this operation, the thermo sensor 8 is installed 
near the read-out field on the magnetic-recording medium 1 (playback field) as shown in drawing 
3 . 

[0079] The flow chart of setting processing of a bias current using a thermo sensor 8 is shown in 
drawing 1 1 . As shown in drawing 1 1 , the ambient temperature of the magnetic-recording 
medium 1 is supervised with this thermo sensor 8, temperature information is inputted into a 
controller 4 (a step is abbreviated to S step 1 and the following), and it judges whether the 
predetermined temperature change decided beforehand arose from the temperature when setting 
a bias current as last time by the controller 4 (S2). 

[0080] When a predetermined temperature change arises, the quality evaluation of a regenerative 
signal is performed, and a setup of a bias current is performed based on the result (S4). In 
addition, when performing the quality evaluation of a regenerative signal in appraisal universe 28, 
access actuation is needed before the evaluation shown by S4 (S3). 

[0081] Next, it is as follows when it estimates about predetermined temperature variation. The 
maximum magnetization intensity Mr (max) is used, for example, the amount of cross talks which 
sets whenever [ temperature dependence / of magnetization intensity / in / for the maximum 
magnetization intensity of residual magnetization / Mr (max) and near magnetic compensation 
temperature ] to deltaMr, and is permitted from an adjoining truck is expressed as 0.05*Mr (max). 
It can ask for temperature variation deltaT permitted from these from 0.05*Mr(max)/deltaMr. 
[0082] Specifically in one example obtained in the experiment of this invention persons, Mr (max) 
was [ deltaMr ] 0.8 emu(s)/cc/degree C in 120 emu(s)/cc. Therefore, temperature variation 
deltaT permitted became 7.5 degrees C. Therefore, it became clear that the predetermined 
temperature variation which can approve in this case had to be 7.5 degrees C or less. With it 
being actual, safety is expected and 5 degrees C is considered to be appropriate. 
[0083] Moreover, if the amount of cross talks permitted is made severer, permissible 
temperature variation becomes still smaller, and predetermined temperature variation will be 
interlocked with this and it will become small. That is, I hear that predetermined temperature 
variation is determined from whenever [ temperature dependence / of the magnetization 
intensity of the amount of cross talks and near magnetic compensation temperature which are 
permitted ], and there is. 

[0084] [Gestalt 6 of operation] The gestalt 6 of operation of this invention is explained based on 
drawing 3 and drawing 12 . With the gestalt 6 of this operation, by the timer function (not shown) 
built in the controller 4, as shown in the flow chart of the processing shown in drawing 12 , when 
the time amount progress from the time of performing to last time about a setup of a bias 
current is supervised and predetermined time amount passes (S1 1), a controller 4 carries out the 
quality evaluation of a regenerative signal, and resets a bias current based on the result (S13). In 
addition, when performing the quality evaluation of a regenerative signal in appraisal universe 28, 
access actuation is needed before the evaluation shown by S13 (S12). 
[0085] predetermined time here is deduced from the temporal response of the ambient 
temperature of the magnetic-recording medium 1, and generally, since an intense thing is 
predicted, as for the temporal response of the ambient temperature of the magnetic-recording 
medium 1, it is desirable [ especially an important point ] at the time of starting of a magnetic 
recorder and reproducing device, to evaluate a signal quality for every short time amount in a 
predetermined within a time one from the time of starting and starting. On the other hand, if the 
internal temperature of the magnetic recorder and reproducing device using the heat assistant 
playback approach of this invention reaches a steady state exceeding predetermined time from 
the time of starting, a question can be set up for a long time at the time of predetermined 
[ above ]. 

[0086] [Gestalt 7 of operation] The gestalt 7 of operation of this invention is explained based on 
drawing 5 and drawing 13 . With the gestalt 7 of this operation, as shown in drawing 5 , according 
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to an informational renewal process, the analog signal read in the signal-processing section 6 is 
made binary, and it is changed into a digital signal. Then, the decoding activity of this digital 
information is done and error detection and correction are performed as that result. 
[0087] In the signal-processing section 6, the jitter value of the digital signal acquired by making 
it binary can be measured now. It is inputted into a controller 4 as the jitter value measured here 
is shown in the flow chart of drawing 13 (S21). By the controller 4, it supervises whether the 
inputted jitter value became larger than a predetermined value (S22). 

[0088] It is able to change a bias current, that is, to reset (S24), and to make it, when a jitter 
value is judged to have exceeded the predetermined value for a jitter value to become smaller 
than a predetermined value by the controller 4. In addition, when carrying out actuation of 
changing a bias current in appraisal universe 28, it is accompanied by access actuation in front 
of S24 (S23). If it cannot be made smaller than a predetermined value, it is desirable to emit 
warning and to stop playback actuation. 

[0089] 10% or less of the predetermined value of a jitter value here is desirable to the shortest 
time amount width of face of the signal detected. Generally, in 10% or less of jitter value, ten to 
five or less are the error rate before correction. 

[0090] [Gestalt 8 of operation] The gestalt 8 of operation of this invention is explained based on 
drawin g 6 and draw ing 14 . With the gestalt 8 of this operation, as shown in drawing 6 , according 
to an informational renewal process, the decoding activity of the information read in the signal- 
processing section 6 is done, and error detection and correction are performed as the result. In 
this case, in the signal-processing section 6, it is possible to compute an error rate from the 
frequency of error detection. As it is computed and an error rate is shown in the flow chart of 
drawing 14 , it supervises whether the error rate which was inputted into the controller 4 (S31) 
and was inputted by the controller 4 became larger than a predetermined value (S32). 
[0091] It is able to change a bias current, that is, to reset and to make it, when an error rate is 
judged to have exceeded the predetermined value for an error (S34) rate to become smaller than 
a predetermined value by the controller 4. When carrying out actuation of changing a bias 
current in appraisal universe 28, it is accompanied by access actuation before S34 (S33). 
[0092] If it cannot be made smaller than a predetermined value, it is desirable to emit warning 
and to stop playback actuation. As for the predetermined value of an error rate here, ten to five 
or less are desirable. Generally, it sets to ten to five or less error rate, and after correction is 
10-12. It becomes the following error rates and the engine performance as a magnetic recorder 
and reproducing device using the heat assistant playback approach of this invention can be 
maintained. 
[0093] 

[Effect of the Invention] The magnetic-recording medium of this invention is the configuration 
that the magnetic compensation temperature of a record section is set up more highly than a 
room temperature, as mentioned above. So, with the above-mentioned configuration, the head 
using the magneto-resistive effect which serves as a heat source substantially is used, and also 
when reproducing the information recorded on the record section, the residual magnetization 
outside the heated read-out field in a record section can be controlled to min. 
[0094] Therefore, with the above-mentioned configuration, since the cross talk from the record 
section outside a read-out field can be controlled, the effectiveness that S/N of the 
regenerative signal from the record section of the above-mentioned read-out field becomes 
good is done so. 

[0095] It is the configuration of having set up magnetic compensation temperature as mentioned 
above by other magnetic-recording media of this invention more highly than ambient 
temperature by the temperature up of the record section by generation of heat with the head 
using a magneto-resistive effect. 

[0096] So, since it can read with the above-mentioned configuration even if heated by the head, 
and residual magnetization outside a field can be made into min, the effectiveness that S/N of a 
regenerative signal therefore becomes good is done by becoming reproducible [ by which the 
cross talk made into the purpose of heat assistant playback was controlled ]. 
[0097] The heat assistant playback approach of this invention is an approach of changing the 



bias current which impresses the information recorded from the above-mentioned magnetic- 
recording medium to a head when reproducing using the head using a magneto-resistive effect 
as mentioned above according to the temperature of the above-mentioned record section. 
[0098] So, by the above-mentioned approach, generation of heat of a head can be controlled by 
adjusting a bias current, and residual magnetization in the medium field of the perimeter to the 
read-out field of a head can be made into min. Therefore, by the above-mentioned approach, the 
deflection of the magnetic compensation temperature by the variation in the presentation of a 
record section etc. can be covered, and the effectiveness that S/N of a regenerative signal 
becomes good is done so. 

[0099] other heat assistant playback approaches of this invention — further — the jitter value 
of the regenerative signal from a record section, an error rate, and signal level — inner — one - 
- or it is the approach of measuring those plurality and setting up a bias current based on the 
result. 

[0100] So, in order to become possible to be able to control the bad influence by the variation in 
circuits, such as a control system, and to make S/N of a regenerative signal good, since control 
of a setup of a bias current serves as a closed loop and a bias current can be set up with a 
sufficient precision and for the above-mentioned approach to estimate in still more nearly actual 
playback actuation, the effectiveness that S/N of a regenerative signal can be made good 
according to recovery status is done. 

[0101] Other heat assistant playback approaches of this invention are approaches of setting up 
a bias current, by reproducing the information further recorded on the appraisal universe where 
it was beforehand set up on the record section. 

[0102] So, by the above-mentioned approach, since it can carry out quickly [ playback 
evaluation ] and easily, the effectiveness whose quick setup of the bias current of a head is 
attained is done. 

[0103] Other heat assistant playback approaches of this invention are approaches of having 
established appraisal universe in two or more [ on a medium ], further. 

[0104] So, by the above-mentioned approach, when rotating for example, the disk-like medium 
as a magnetic-recording medium with constant angular velocity, even if the effect which the 
flying height of a head changes and generation of heat of a head has on a disk-like medium by 
change of the linear velocity in the inner circumference and the periphery of a disk-like medium 
changes, the bias current of a head can be set up finely. Therefore, the effectiveness that the 
dependability of information playback can be improved is done so by the above-mentioned 
approach. 

[0105] Other heat assistant playback approaches of this invention are approaches of setting up 
a bias current waiting [ record or playback ] further. So, by the above-mentioned approach, the 
effectiveness that activation of a setup of a bias current is attained without affecting actual 
record or playback actuation is done. 

[0106] Other heat assistant playback approaches of this invention are approaches of performing 
the quality evaluation of a regenerative signal and setting up the bias current of a head based on 
the result, when the temperature near [ on a record section ] the read-out field is detected and 
a predetermined temperature change arises further. 

[0107] So, by the above-mentioned approach, a setup of the bias current also in consideration of 
the effect to the record section by change of an ambient temperature is attained, and the 
effectiveness that the dependability of information playback can be improved is done. 
[0108] Other heat assistant playback approaches of this invention are approaches of performing 
the quality evaluation of a regenerative signal for every fixed time amount, and setting up a bias 
current further based on the result. So, by the above-mentioned approach, a special sensor is 
not needed but the effectiveness whose setup of the fine bias current corresponding to change 
of a playback condition is attained is done. 

[0109] Other heat assistant playback approaches of this invention are approaches of resetting a 
bias current, when this jitter value exceeds a predetermined value further based on the jitter 
value of the regenerative signal acquired by the informational renewal process. So, by the above- 
mentioned approach, the effectiveness whose setup of a bias current with the high dependability 
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adapted to recovery status is attained is done. 

[0110] Other heat assistant playback approaches of this invention are approaches of resetting a 
bias current, when this error rate exceeds a predetermined value further based on the error rate 
of the regenerative signal acquired by the informational renewal process. So, by the above- 
mentioned approach, the effectiveness whose setup of a bias current with the high dependability 
adapted to recovery status is attained is done. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the graph which shows the temperature characteristic of the residual 
magnetization reinforcement of the magnetic-recording medium in the gestalt 1 of operation of 
this invention. 

[Drawing 2] It is the graph which shows the result of having used the above-mentioned 
magnetic-recording medium and having reproduced information by heat assistant playback by the 
light beam, and (a) is (b) at the time without an optical exposure at the time of an optical 
exposure. 

[Drawing 3] It is the block diagram showing the configuration of the equipment for using the 
above-mentioned magnetic-recording medium and reproducing information by the heat assistant 
playback approach of this invention. 

[Drawing 4] It is the graph which shows the bias current of the MR head used in the above- 
mentioned heat assistant playback approach, and the relation of generation of heat. 
[Drawing 5] In the above-mentioned heat assistant playback approach, it is a block diagram 
explaining the configuration of the signal-processing section in the approach of evaluating the 
jitter value of a regenerative signal and setting up the bias current of a head. 
[Drawing 6] In the above-mentioned heat assistant playback approach, it is a block diagram 
explaining the configuration of the signal-processing section in the approach of evaluating the 
error rate of a regenerative signal and setting up the bias current of a head. 
[ Drawing 7] In the above-mentioned heat assistant playback approach, it is a block diagram 
explaining the configuration of the signal-processing section in the approach of carrying out A/D 
conversion of the regenerative-signal level when not carrying out an optical exposure, evaluating 
it, and setting up the bias current of a head. 

[Drawing 8] In the above-mentioned heat assistant playback approach, it is a block diagram 
explaining the configuration of the signal-processing section in the approach of a reference value 
and a comparator estimating the regenerative-signal level when not carrying out an optical 
exposure, and setting up the bias current of a head. 

[Drawing 9] In the above-mentioned heat assistant playback approach, it is the explanatory view 
of the appraisal universe in the approach of preparing the appraisal universe for evaluating a 
regenerative signal on a record medium, and setting up the bias current of a head. 
[Drawing 10] In the above-mentioned heat assistant playback approach, it is the explanatory 
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view of two or more appraisal universes which can be set to the approach of preparing two or 
more appraisal universes for evaluating a regenerative signal on a record medium, and setting up 
the bias current of a head. 

[Drawing 11] In the above-mentioned heat assistant playback approach, when a predetermined 
temperature change arises according to the thermo-sensor information installed around the 
medium, it is the flow chart of the processing in the approach of performing playback evaluation 
and setting up the bias current of a head based on the result. 

[Drawing 12] In the above-mentioned heat assistant playback approach, it is the flow chart of 
the processing in the approach of performing playback evaluation and setting up the bias current 
of a head based on the result for every fixed time amount progress. 

[Drawing 13] In the above-mentioned heat assistant playback approach, when the jitter value of 
a regenerative signal is supervised and a predetermined jitter value is exceeded, it is the flow 
chart of the processing in the approach of setting up the bias current of a head. 
[Drawing 14] In the above-mentioned heat assistant playback approach, when the error rate of a 
regenerative signal is supervised and a predetermined error rate is exceeded, it is the flow chart 
of the processing in the approach of setting up the bias current of a head. 
[Drawing 15] It is the graph which shows the result of having used the magnetic-recording 
' medium by which the conventional proposal was made, and having reproduced information by 
heat assistance, and (a) is (b) at the time without an optical exposure at the time of an optical 
exposure. 

[Drawing 16] It is the graph which shows the temperature characteristic of the residual 
magnetization reinforcement of the magnetic-recording medium by which the conventional 
proposal was made. 
[Description of Notations] 

1 Magnetic-Recording Medium 

2 MR Head (Playback Magnetic Head) 

3 Bias Current Control Section 

4 Controller 

6 Signal-Processing Section 

7 Light Irradiation Device 

8 Thermo Sensor 

28 Appraisal Universe 
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KW-rixtf, ftt'-i*£,WLftvvM§T-*>, MfSim 

»f4«Hffl«2 5Tc-esofiUfcri*»fo, 

©rajgtf>±##(4 2 5*Ci*5. 

[0 0 1 43 r©e*f4, *f-Aeji^«>«H!:«aR3S«ff 

LTOf— #xbixS'b<0f4MR — y KL*>ttv*», * 
[0 0 15] MR-^y K^GMR^y K^CD^tfgSt^b 

T\ ^ft/iSf&ft^JcftoT^* few fens. ■ 



[0016] *^0^#?>(4, SESli Lt> Si^|i/<^ 
r^tttMi Ltti^SlR^y KKJ:S!¥fe-er±» m 

[0 0 17] Lfc^oT, MR^5-Ka:ffifflt5i:^y 

<-cb»«is«ft«SE*^e>a**s»ixmr< art left 

* tr — A fcHMt LT l * fc t b Wiinffim SrM R ^ 

^{f#_hlC^ h — ^ t LTmttT< 5; if-ftS, 

[0018] et±a»6>, *vcv*3»«ifi«a* 

^SS^B#(C (4^»T # ft V > t ^ 0 BUW fo 5 r. 1 

[0019] #3893 »i. ±EXIM**a>&tfiai£iifcffl 

»iTS/Ni«A»4««-ePf4t50 »w»iS ft ££^E 
[0 0 2 0] 

mm* *%m-t \z.vmmt l fens*, #31^ 

ofctWT-fcS. i-ftto*>, #»E©«»E»8t*tt, 
fc«f««:K»U d>o, E»««**0SJfcU ^Sia^f) 

{koi^flitftstasjjs, 1 5 ot:*»e,2 5 ccs-cro 
[0 0 2 1 ] ±E«fig{cJ;ixf4, at«fBft«flc^tii> 

co, tafn^kw-s^ifiiftsiaa* 5 , 1 5 5 
o t C^T-wrastQia^(ci2:^$nTv^-5WT\ Ao^^ti 

[0 0 2 2] *fc, ±Effi^T'l4, 
a J: 9 M< BME £*LT^ 5 fc*, JRjR ft 5^ 
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!E«j*-0 14, W %n S /N ifi ft »|c * 5 %i$k&n fe 

[0 0 2 3] #S6HK.fc5ft!L©tt«E»iKf*:«:, 12®® 
«Srto**LT««Wt-tt*SrEeU E®$I«£- 

^©WT©, ftfWK<bO**«i45iUE^. 15 ot: 

[0 0 2 4] JtE*»*fcJ:iitf, «*eStSS*S:*Jffl U 

•/hKR^tT, jRT'>^ hS^tDSStJt-TS, ft£? 

[0 0 2 5] *»MK>f»r->^ hW^jfeli, 
£fc(4 2 Etto««IS»«t«:<7)|H««i«l-Efik*ixfc* 

tZftWLt LT^5. 
[0 0 2 6] ±E*jfe^J:iitf, ll#«l*'fc(4 2©« 

K^yK©MS:fflWU ^-y KJ3i22C9, 
EfcWKfl-roWWWEKias it 5 & A«rCflHH4lc«>ttjIcn 

[0027] Lfjsot, ±e*8s-c»±, EftMftofi 

OLtt, W£3ftSE^«*roE«tHH««>»e«fls 
^ft/hic-t 5 i £ # sjm t 4 5 CO-?, ff4fltt«5 S/N 
& ft &«§f$i- 6 r t # oitg t * s o 

[0 0 2 8] JiESIftT hS^T'li, _hEfl8SE 
[0 0 2 9] ±IS^ffil^J;tL(S, ^r^««Keo*J»*s 

[0 0 3 0] 9, _LE2> H*«ft 



[0031] ±e^t->^. vn±^mx'\^ unrnmc 

[0 0 3 2] ±E#ifcKJ;ftrf, EfikflWRJbro^ibKJe 
£ ftfc IfflfifflWKT' *E» S ixfcti$R£S£ L-t roll ■§• 
FnSfSrWflH-a©-C> W«*»5B38*»o*cj!Hc*lt-e# 

[0 0 3 3] ffffi««KE»£ix-c^.&W« 

SixfcWStLT. HM**^* — VIMS, ¥— JSi6*» 
7y^A/^-y^W tax a. ^btc, ^—V*?—* 

■4<45t^5«Jj&t*i-S. 
[0 0 3 4] ±E^vr->^ hS£#ifcT?f±, 

[0 0 3 5] ioT, ±fifi^f&T'(4, 5*-f^^tt«|C#0 
[0 0 3 6] ±EiftT->^ HS4*«fe-Cf±. E^^fd!4 

[0 0 3 71 ±E!?!iT->^ hHfc&ft-Cfi, »** 1 * 
[0 0 3 8] _kE#}£^J:;h.f4\ E®M«±©K^f±l L 
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[0 0 3 9] _hfS^T->^ hWfefrftTH:, -JEB»IBft 
[0 0 4 0] ±B#8eteJ:*btf, -3£^WfefiS^«# 

[0041] ±i2^r->^ hBt*ft-ei4, SMffro 

5? y * pjf rafB «fc (J * £ < ft o fc l£ , 7 * 

[0042] ±E*jsfeii inn.. flWR©w4iia-e»fe 

[0 0 4 3] ±151*7 hS*^feT-l4, 

[0044] iia^tetcitu^ i«©B4aiTse> 

[0 0 4 5] 

««#K«S2M6a>I*« 1 fcoi^T, H 1 ftv^ Li 3 (c 

^[4100nm ) £ LTK>«ttBtS:^r-*-5 tWT'fe^o 
[0046] ;oj;9 ftlK^IE^jKf*: 1 T-f4, SS^llBft 

<, 40t~100U i^iL<li4 3 t C~8 0 

5. 

[0 0 4 7] Sfc, JiCttftCMBtiei l£ti<*&1Bflfcfl| 

■CO, ffifne{tW**«£fc5ifii£W:, 15 0^2 
SOt^T'CD, £t)jfJL<f±16 0WP>2 4 0'C4 

-era, £ btcjifs l< <4 i 7 o'c^fj 2 3 oicst-roia 
[0 0 4 8] *fc, ±aa««ifla««Eflei4, ^p-^, 

#5, 2 0 0t-4 0 0t, £ L< 14 2 4 0<C~3 
6 0°C, $f>C»SL<l42 8 0'C~3 2 0'C©ii6irt 

[0 0 4 9] :©± ?ft«ffi8l<7)5iSW£ LTI4, MSltf 
Tb, Fe, C o<D3r3<D&mfrbtj:2>-&4kfrmif bft 



Z> 0 Z<D£?te-&&frbtl:?>m&mx^ Tb^tt 

[0 0 5 0] *nmcoMM 1 KTf£MLfc«ffiRHu -t 
©*&j«*s0!l*.tfTb26F e44Co3o m^lit infirm. 
^at%Sr^i") TfcO, HitS%i-J:5lc:, 

*:ffifcft5?SS#2 0 CCd, =*-^ y— ^tJS3 0 ot& 
±HMMor^5 0 12 1(4. «afc<j*«<STi-6* 

[0 0 5 1 ] iro»jWB»ttE#lS:fflV^T«-§-ro|H»S 

mW-CHiSLfc 0 * ? 0ifcifc(4 3 6 0 0 r pmT'E 

£IUli£iStl4 2MH2-efo5 0 
[0 0 5 2] ±15^^12©^^ 1 fcj3»*3 1*©^J- 
IBS LT. SKIT'S';* Mc± 5 J=EWff«:W£ 
Lfc{f-5§-&Hl2 (a) \Z7n-f 0 12 2 (b) Kfttf 

[0 0 5 3] ^coj;9lc. *»nofltft1Bftttflci«rtt 

[0 0 5 4] MR^yK2l:i!)tS 
«»iafik«Ett: 1 »4 1 0 O'C^iKISftlbftV^ ttcft 

So 

[0 0 5 5] £ot, JtlH^StlE^aEf*: 1 t-*3»tSlEfik 
1 5 0°Cfrh 2 5 0t4f©iagiltt 
[0 0 5 6] #!VT->^ KS^OjftJItSrS^BRKSiaii-lc 

^*/J^(Ci- 5 r t 755 njfg i ft 5 o 

[0 0 5 7] 3MBn«7««cfltKf*: i (4, m^mmw^ 
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10 0 5 8] ft0fe<O$tt2) H3fcl^UB8*:ffll^ 

»K ± 9 APS S ixfcBE^tti UH*ro«{t©*#fll «: W« 
t LTMR—y K2lrTl^ai1-5o 
[0 0 5 9] MR^?K2lt, ^-YT^.®?ift»JW^3^ 

tidJis BE»s*i.Tflr-wui»6^m***i.5. £e>^ 

[0 0 6 0] H4(c:/MT^mi5jEtMR — y 

r^mi®^$ij»-r s r t t-mra ;/K2 «^nji*tffiij» 

[0 0 6 1] LfcriSoT, ttftEftttlttl SrfflVNfcfiaT 

[0 0 6 2] MR-^-y K2A^OS^fflJ§ 

iirasprtB-CfcS. t2Eot\ = hn-y 4^4?i:£^l-§- 
w a B aSff£f¥{ffiL&^<bMR-^•.y K2<0/^T^m«fESrD 

[0 0 6 3] W^iS-f-roSWPflfii: LTf4, , * 

t§r <t(43tiLWcit>, 2> p * h-^i^K^ttSSiJ 
■5§- & 2 {Kb L fc =f i? ? /Hi # <Z> V s s/ * ffi & ? 'J ffl -T -5 4§-& 
7^ffl« = >hP- 74ic3l^n-r, =>vhn — 7 4i! 

[oo6 4] ii6jc, n^.it^2\mt^tzm<r)v s is^ 



(4=i ^Sci — 7 4t^!5*t, 3yl-B- 7 4i)W7 

[0 0 6 5] {f#8iSlF|J6fc*3V'>-C, fs^tt 

a >- h b-5 4 li^'f 7^t«t»SU 
^^-C/MT^«aiE*J»»3Sr#J»i-5 J: 5fcftoTV> 

[0066] ifmmmm 2 -c-t4, m^«a^jSE# 1 ±0 

*i|fKJISv^«*ltt*r#L.fcfl!rtll?¥^Rri!Bi:4S. * 

[0 0 6 7] CicDj; o\z;<-><T*mM%:WLT£.-tZ>Wi-&^ 

[0 0 6 8] 6 l£*SV^C, A7J$^X7iT7-n 

^cDff^jf #SrA/"D3E*Hi«fc ^*/H#«K3E!feL 

fc=fg> ^>-hn-7 4liA^-r-5 0 =>^ha-7 4f4A 
W£flT# (^tbffi-i-) a«*/hi:>5eSJ:5»^«ai*^-<T 

[0 0 6 9] IH8t-f4, ^^s<U—?%mmirZ>tM&<V 

HISr$^5. i©*U»iB*»4, = > I-b-7 4 lcA7a$ 
=>>hn-7 4J4, A**ix*:S4fll*V'Kyuai 
Bfft«)*lWB[J: < ftS J: 5 lc*JS^M TxW,m 

[0070] d i-cosf ffF^snsaras 

[0 0 7 1 ] [sj|Jfi©^«3] H9^±9*»M«>seJ6 
frl±Wi : 'J6*feb^cM«T-fe5l¥{ffi®l5E2 8iC^fc 
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[0 0 7 2] -t LT, tCffftfe*l:S-3tMR^? K 
[0 0 7 3] $ fel!:, %®MZ Lftv^iT«?fft«* 

[0074] imm^mm^ mi ova. <r>m 

2 8*s«tftia«B;fl:i±Ki*«d»(tbiXTt^5. 

<o ZhiC, mmSt<Omt^^ OMR'- y K2«?#±ft 

[0 0 7 5] Lfc^oT, #!£S£<Off2ffiU -Cf4, 1110 

2 SSrigitT, SIBKlW^i-SlHKfciEl^ 
l¥ffi®«2 8 JUT, S^ffi-S-«OfiK<OffFffiS:tTl\ ^tt 

[0 0 7 6] fftfffl*2 8 8:*aRlt5ri-C, 

aE»K*i«>i|*S*iSiK*nBI«lcRSL-CfcJ:^. - 
-cy-^iilLfcig-g-ii, «-^-^fetcffffi^i5E2 8£ 
[0 0 7 7] EA±^*st^r, ¥t-£Wffi&m?t1-Z>-?'( S 

[0 0 7 8] [30S»»ffl5] 0 3fcHl 1 ifcafr^ 
T**W»*JS(0»m5*rlftMi-5. *JOt»»«5-C 

BUMS ffi»K««-fe>-9— 8fcR«U-C 



[0 0 7 9] SS-feV-^-8 Srfflt>^<-fT^«fflE«>|9: 

^iiro7D-f+-^n nc^fo mi nc^-r 

— 7 4-CttlWiafc-'<WT^«««r»:SLfcl*ojME*>6. 
^K>*»b*LfcBfJE©a«aE{lsa«fei:fc*»5*»«:*IKL 
T^S (S 2) . 

[0 0 8 0] fc U BfJfe©lftfl!*{ba^Cfc»&H:B* 

<Dmfe*mm-z> (S4). ft*s, saMf#<&Fq«»fflii 

&ffHffiffl« 2 8 -eiifT-f S 4 frt^ LfcWflfi 

WifttCT^ir^lMl^^iftS (S3) . 

[0081] &fc, sfj6»am*fc*Kov^Tj(,Wor 

r (max) , BtftftMHRaft H&iCiSii Z>mit%l&(0 

5^7h-?M|»fl;«Mr (max) 

LT, #>J*_f40. 0 5*Mr (max) b%tfo ;*lf) 

A 1 ?), f^^^ixSiaS^fkftA T(4, 0. 05*Mr 

(max) /4Mr*>5>*»5:tm5. 

[0 0 8 2] JiflE&Ktt. *J8W#b03W-C»b*bfc 
10!Ur*3t''TJi, Mr (max)/^120emu/cc 
tiMriiSO. 8 emu/c c/tT'fcofc. Ufc^o 

■c. tfS*ixsiftS^b*ATtt7. sriftofc,, 4 

[0 0 8 3] £fc, fi<F5g$*l£^n* h — ^ft^rJ: <9 J@S 
t), BlfSroaS^t;fi:^ 3 w^jS®bL.T/h$<ft5 0 o 

[oo84] immmm&^ mstmx 2\z&^x 

Tl^ftH fC4!5, ID 1 2 t^f©l07o-f t- h 
5 fc, =>-hn-7 4(4, ^T^ttifcroKJfe 

«©#M«««ia L.fc»* (Si 1) lcf4, S^f-§-ro D D a 

KSt5 (SI 3) . ft*3, S^{f-§-Oa° D «l¥ffi&I?fffi 
Mi^2 8 X-mfti-Zm-S-ti, S 1 3 (ClT^Lfcl¥«WSfI 
tCT^-lrxlb^s^giftS (S 1 2) „ 
[0085] r c:-cwgf Jt^lWfi, ttftCftttfl: 1 ofl 

1 755 ^ n $ ^ 5 & * , ^EtdBtio 4 tfien^ <b w ^B#f H i 
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4L,i/\ — 2r, iB»*&»&iJr£B*IR]*r«*."C. #3&9J© 
«jW£tt8i«i::aLfc*e>tf, ±EOBf3e>*IH«:*<R 

[0086] mm^rnm 7 ] is 5 1 n 1 3 1 

[0087] 6 -m, 2 «<b lt*# b*xfc^ 

wm%%w v ? m&mfex # 5 i 5 & o t v n 5 0 

rrTiSJ^ixfcv^^tei, Ull 3t7?7D-^^r-h 
iei^-fJ: 5 ^yfn-74l:AA$M (S 2 
1) „ = y h p - 7 4 fttA^ J hfc y ? fii4 ! f ^ © 
«J:9*#<ftofc*>5*»S:E«-*-* (S2 2) . 
[0 0 8 8] fcU =.^hn-54|CJ;?), v's/^ffl* 5 

fts-err, os^r^Lt (S2 4) , Vvtmm 

8T'*ite1-5^fi, S 2 4fi0Stf{CTT^-fe^Eb^4rfi £ 
5 (S23). tU j^fcHfiiO/hiSK-rsri:**-? 

[0 0 8 9] -eras' y^KoBf^tttt, 1£W£;h-£ 

[0090] mmmm 8 ] m e t h i 4 icm^x 

- 1'- h SrJIWtS r i^it 4oT^5. * 

-$-£51-, 3>bD-7 4i;A^i$ti (S3i) , = 
h d - 5 4 -CttA* * 7 - u— h *«Bf 36©« ± 0 

</£ofc!S^ J lrESt5 (S 3 2) . 
[0 0 9 1] tU =>>-hc3 — 7 4tcj;i3 % i7-l~ 
S3i*3f3£«5ffl[4r«^fci: 3 l ! iJWfS*Lfc»'&, ^-fT^««E 
«r3gflS$*-C, o^^SIS^LT (S3 4) X7-U- 

h tmfe<nm x 9 /h s < * s ± 5 1--*- s r t Riffi t ti 

oTV^S. /<-f T :* «« *r*fc £ * 5 *tfs'«rfW3fi&l« 2 
8T'^Jg-rS±^-&(4, S 3 4<DmzT?-£XWE&ftO 
(S 3 3) 0 

[0 0 9 2] <bU 3f3e©fl[J:!9/h$<i-Swi:* s t?# 



uv\ nx-roi7-w hra/^ffifi, l o- 5 w 
g£LV\, — rtSWtc, i o- 5 ^i."Fco^7 — u~ Mrfcv 
T, SnE&tel 0-' 2 WT<7)3i7-u— htifet), 

[0 0 9 3] 

[0 0 9 4] Ufcj&So-t\ ±lE«J5jcT-fi, K^-ffi UH*£ 

ffl^tt 5 iv^ 5 »*«:*■*-«. 
[0 0 9 5] *5SM«?te«>afit1E»«Eft:T?tt» ^±<73± 

[0 0 9 6] ^^l^x, ±f2ffifi£T*Ii, KiciyiP 

S/N^A»{-^-5 tv^a*Sr^-f -5o 
[0 0 9 7] *?gB^<75f^r hff^ffitt, W±co<t 

[0 0 9 8] ^tL^>^, ±E*fe-ei±. /MT^***: 
tfSr t^T-#5„' LfctfSoT, ±I2^-C«, IS^ 

[0 0 9 9] *3SMroflfcroj»r^ Mf^frttHt, $ b 

T, ^<n J &^\z.^^^4T^mM*WLltt%1omx~1h 
5 0 

[0 10 0] ^rix^x., ±!2737£T-t3, /<-fr^«ittro 
• S:Jt|i*J-e#, fftflltfflS/NSrftffttSr 
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[0101] *3MJ0>fflL<ol»X'>* M?£#Stt, £b 
fc, C^«±o^»KX&Sixfci«ili««filE«k*lifc 

[0 10 2] **u*;t, _h!E#ifcT?»4, ff^ffPflBASffliS 

[0103] *&w<om<DWiTi'x hw&xmtt.. s e> 

So' 

[0 10 4] **u$>;fc, ±IE*£T'f±, BtftGAtt^i: 
^(ci«9, -vy K<D#±*i4*KftL'>.s' KqJjSIKlifl^-r 
Ht, «*H*OflMHtt«rlPl±-e#a4:V^5S***r*-*- 

[0105] *f6&<z>m<ai&Tisx hn&xmtt* £ & 

R3fc#, *BSolE»*fcttH^»f^K»*«:*A-f»!:aE 
[0106] *:|gPJ<Dft!ico^T->x MffefrteWu £ fe 

V\ -?r«^m^S<5^T, --y Kco^r^mSESr^ 

[0107] -ttt^>x., iiB^&T-fi^ ^ffltaa^^-ft; 

[0108] #56?l!rofi!irojftT->.* M¥***I4, £ & 
x.> ±tE^?£T-tt, ttSUfc-fci'lf— **HB£tf1\ W£ 
[0109] *«ioffi©fi7->x hH^fttt, * 6> 

[Olio] #*|Pl0Jfl&ro5ft7'S';* £«b 



[H2] ±eBWM£«K#fctt/B LT, ftr-AKJ:* 
■C*>9, (a) ttftffitftB*, (b) ti3tRa*t«SL«>4:# 
[[213] ±C«»e»Kfr*:«ffl LT, *3SW0>SRT-> 

[H4j ±.mmri/* Fs^si:fc^t«fflLfcMR 

[05] ±|E^T->X hB^ffijCjc^T, 

v'y^MSWLt, — y Kfzvwr^msfcSrR^-rs 

[12! 6] ±ffi*H7->* ]*S£#ifefc*Sl^-C, S^«*C 

[18] ±ES»T'>^ FS^ffil^^T^ 3feHH*t«rL 

[19] -hl2f\T->^ hS^ifttCtS^T, 
Wffli-«fc*rolMlHII**rlE«kJW;#±lcRitT, ^y K 

[inio] ±.mmr~>x hw^m^^^x, 

—y KOy<WT^«aE*rKJEi-**SEfe^d3Jt5*»OW 
[Ull] ±.mmr~>* hW£#8sK*s^-t\ jKftffliS 

[HI 2] ±l5^T->^ hS^77i*(i*5^T, — j£B#|HI 
SilrTirld, f?^fF^Sr^T^^w^(cS<J#, ^y K 
(O^-f T^mSE^R3£-r-5*ffitc*3(t 5*0=3^7 n 

1113] ±mmT->x MffcfrftKaai^T, 
£0 y * fit * E« L T gf 3£ y ^ « m x , 

Kro^^r^waESrR^-rs^ife^jsfta^aro^ 
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[Ii4] ±ls^r->^ K?f4*SKlsv^T, 

[Ull 5] f£*«3iE*^TV^»«IEWItffS:«[fflL 
■Cfc9, (a) liJt.BSWBf, (b) (43tHSW* t § 

[lie] m%mm£tix^izmm.f£.mmft<Di&mM<t 



1 

2 MRa>K K) 

3 'UTxnMtmim 

4 
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